I. Introduction
Computational fluid dynamics has become an increasingly powerful tool in the aerodynamic design of aerospace vehicles as a result of improvements in numerical algorithms and computer capabilities (e.g., speed, storage). Major future gains in efficiency are expected to come about as massively parallel supercomputer technology matures. However, some critical pacing items limit the effectiveness of computational fluid dynamics in engineering. Chief * Senior Scientist. ** Professor. among these items is turbulence modeling. Numerous turbulence models of varying degrees of complexity, which can be classified as either eddy viscosity or full Reynolds stress models, have been proposed. Excellent reviews of turbulence models have been recently provided by both Speziale 1 and Wilcox. 2 Eddy viscosity models use the Boussinesq isotropic effective viscosity concept, which assumes that the turbulent stresses in the mean momentum equation are equal to the product of an eddy viscosity and a mean strain rate. Zero-, one-, and two-equation models are among the most popular eddy viscosity models for engineering applications because of their ease of implementation in computational fluid dynamics codes. Algebraic or zero-equation models, which assume local equilibrium of the turbulent and mean flow, have provided reasonable predictions for simple flows. When the turbulent transport is important or the mean conditions change abruptly, these models do not work well. One-equation models improve the predictions for simple near-equilibrium flows but do not account for more complex effects on turbulence.
Two-equation models are developed to take explicit account of the history of the turbulence through two transport equations for combinations of the turbulent length and time scales.
These models offer good predictions of the characteristics and physics of simple separated flowsandflowswith gradualchanges in boundaryconditions. However, basictwoequationmodelsfail in many practical flows becausethey cannot properly account for streamlinecurvature, rotational strains and buoyancy; theyprovidean incorrect response to strong adversepressuregradients;and they cannot describe theanisotropy ofturbulence. As a result,variousad hocmodifications to these models have been proposedto achievethe properresponse (seeLakshminarayanaa).In thesemodifications, effectsonturbulence, such asthosedueto streamlinecurvature, havebeen directly accountedfor in the eddy viscosity expression or havebeenreflectedindirectly in the turbulence-model equationsby modifying the dissipation-rateequation. The improved two-equation modelspredicta wider rangeof flows; however, theystill fail toproperlycapture the physicsin a broad class of flows. To overcomesome of these deficiencies,twoequationturbulencemodelsthat arenonlinear in the mean strain rate were proposedby Speziale a and Rubinstein and Barton. 5 These models have provided accurate predictions of turbulence intensities. However, these models are not consistent with full Reynolds stress models because they have constant coefficients.
Full Reynolds stress models represent the highest level of closure that is currently feasible for practical calculations. These models are superior to the two-equation models in that they eliminate the assumption that the turbulent stresses respond immediately to changes in the mean strain rate.
Also, they account for the anisotropy of turbulence and body force effects on turbulence (e.g., due to streamline curvature and rotation) through extra production terms that explicitly appear in the Reynolds stress transport equation. However, models for many unknown turbulent quantities are required. This need is generally met by assuming that the turbulence is locally homogeneous and in equilibrium.
Existing Reynolds stress models have been shown to give good descriptions of twodimensional mean turbulent flows that are near equilibrium. However, computer costs and numerical stability problems that arise from the absence of a turbulent viscosity make assessments of the limitations of these models in The Launder, Reece and Rodi 9 pressure-strain correlation model was considered in the above study. Comparisons with the experimental data have shown that this new nonlinear turbulence model improves the ability of two-equation models to account for nonequilibrium effects.
However, the Reynolds stress anisotropies were not well predicted.
In this paper, the algebraic stress relation is applied within the context of the K-e twoequation format using the Speziale, Sarkar and Gatski x°pressure-strain correlation model. The ability of the proposed model to predict complex flows which include nonequilibrium and anisotropic effects is assessed.
Transonic flows over two airfoils and a wing are considered in this study.
The ISAAC Navier-Stokes code is used to compute the three test cases.
H.

Theoretical Analysis
For a weakly compressible turbulent flow at high Reynolds numbers, the Reynolds stress tensor vij = uiuj is a solution of the transport equation 11
given that Ilij is the pressure-strain correlation, 
are the mean-rate-of-strain tensor and mean-
(2) vorticity tensor, respectively.
Given a pressure-strain-correlation model, The substitution of (3) and (4) into (1) yields the following algebraic stress equation: 
3(1+ r/2)al C_ = 3 +r/2 + 6r/_¢ 2+ 6¢2
where _ is the mean density and eo = elK is the specific dissipation rate. The constants in (11)-(13) are given by
To avoid numerical problems in the initial stages of the computation or in the free-stream region, a modified form of C_ is used°+ ¢) 
